Background: There is a lack of information about the correlates of completing all three cancer screening tests among women living in Appalachia.
Introduction
Compared with cancer rates among women living in the United States, women living in the Appalachian region have increased cancer incidence and mortality rates, as well as lower cancer screening rates (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . Reasons for cancer disparities among this underserved population are likely due to many social determinants of health included in the multilevel social determinants of health model (11) . This model includes proximal, intermediate, and distal factors that may affect and individual's health. Examples of factors that may be especially relevant to the Appalachian population include lower socioeconomic status (SES), lower educational levels, smoking, limited sources for healthcare, lack of health insurance, culture, communication issues, genetics, or a combination of these factors (7, 12, 13) .
Many of these factors individually or collectively play a role in determining health behaviors. Previous studies have suggested that some health behaviors are interrelated and tend to cluster. For example, there is evidence that individuals who complete a specific cancer screening test are more likely to complete other cancer screening tests (e.g., breast and cervical cancer screening;
refs. [14] [15] [16] [17] [18] or practice other preventive health behaviors (e.g., colorectal cancer screening and regular seat belt use; refs. 19, 20) . In addition, studies have documented that individuals who are changing one health behavior may be trying to change multiple behaviors simultaneously (e.g., diet and physical activity, smoking cessation, and physical activity; refs. [21] [22] [23] . Several common health behavior theories (e.g., health belief model, ref. 24 ; the transtheoretical model, ref. 25 ; social cognitive theory, ref. 26) have been used to explain the correlates of completing a singular cancer screening behavior (27) (28) (29) (30) (31) (32) , and multiple behavior change interventions (simultaneously or sequentially within a limited time frame) may potentially be important public health strategies (33) .
Currently, we have limited information about the frequency and correlates of being within recommended guidelines for multiple cancer screening tests among women and there is insufficient evidence about potential mechanisms for achieving this multiple behavior change (34) . The few studies that have reported on multiple cancer screening behaviors have suggested that common factors (e.g., education level) and theoretical constructs (e.g., intention) play an important role in changing multiple behaviors (14) (15) (16) (17) (18) . More recently, a conceptual model for breast, cervical, and colorectal cancer screening has been proposed and focuses on multiple levels (policy, system, facility, provider, and individual) and individual-level steps, including risk assessment, detection (routine screening and follow-up testing), diagnosis, and treatment (35) .
The focus of this study is to describe multiple cancer screening behaviors [mammography for breast cancer, Pap test for cervical cancer, and fecal occult blood tests (FOBT) and colonoscopy for colorectal cancer] among women living in Appalachian Ohio. This information may provide researchers valuable insight to plan future interventions to improve screening rates across multiple organ sites.
Materials and Methods
A telephone survey was conducted (April-September 2013) at the completion of a group randomized trial (GRT) designed to test a county-level intervention to improve colorectal cancer screening in 12 counties. The design of the intervention and the GRT has been previously described (27, 36) . At the completion of the study, there were no significant differences between the two arms of the study in colorectal cancer screening rates (37) . Therefore, the current report describes the cancer screening behaviors for breast, cervical, and colorectal cancer among female participants living in all 12 Appalachia counties captured at the end of the study. The study was approved by The Ohio State University Institutional Review Board and written informed consent was obtained from all participants.
Participants
Participants were recruited from randomly selected households using commercially available lists of residents ages 51 to 80 years living in one of 12 Appalachian Ohio counties included in the study. We used a proportional sampling scheme that reflected the county gender proportions from the 2000 Census because more males than females were represented on the lists (38) . Of the 2,467 (38.7%) potentially eligible and contacted households, 1,376 (55.8%) refused participation in the study. Among the 1,091 (44.2%) who completed the survey, 641 (58.8%) of the participants were females.
Selected residents were mailed a packet containing a recruitment letter, consent form, and answer responses to be used during the telephone interviews. Trained interviewers called the potential participants and assessed study eligibility. Eligibility criteria included: being 51 to 75 years old; able to read and speak English; being a resident of one of the 12 counties; having a working telephone number; being average-risk for colorectal cancer (having no prior history of colorectal cancer, familial/hereditary cancer syndrome, polyps, or inflammatory bowel disease); no contraindication to colorectal cancer screening; not pregnant; and being able to provide consent.
If eligible, the telephone interview was completed in approximately 10 to 15 minutes. After the interview, participants were sent a $10 gift card in appreciation of their time. A participant was sent a medical record review (MRR) form if they reported at least one cancer screening test completed within recommended guidelines (39) . The signed medical release forms were sent to the participants' health care providers to confirm self-reported dates of completed cancer screening tests.
Measures
Outcomes. After a brief description of each cancer screening test (Pap test, mammography, and colorectal cancer screening test: FOBT, flexible sigmoidoscopy, or colonoscopy), participants were asked if they completed each test. If a participant reported completing a screening test, they were asked the date of their last screening test. If participants were unable to remember the test date, they were asked to approximate the date with a categorical response (e.g., less than 10 years ago, more than 10 years ago for colonoscopy).
Participants were classified as being within recommended American Cancer Society screening guidelines (40) for (i) breast: mammography was completed in the past year, (ii) cervical: a Pap test was completed within the past 3 years, and (iii) colorectal cancer: FOBT in the last year; flexible sigmoidoscopy in the last 5 years; or colonoscopy in the last 10 years. Participants had to be within recommended guidelines for mammography, Pap test, and a colorectal cancer screening test for them to be classified as "yes" for our primary outcome of being within guidelines for all three tests.
Demographic characteristics
The information collected included: age, race (white, black or African American, Asian, Native Hawaiian or Pacific Islander, Native American or Alaska Native, more than one race), marital status (single/never married, married or living as married, divorced, separated, widowed), education (8th grade or less, some high school, high school graduate, some college, associate degree, college graduate, graduate or professional degree), annual household income (<$10,000, $10,000-$19,999, $20,000-$29,999, $30,000-$39,999, $40,000-$49,999, $50,000-$59,999, $60,000-$69,999, >$70,000], employment status [full or part-time, unemployed or disabled, retired or volunteer), and health insurance (Medicaid, Medicare, private).
General health and healthcare utilization
Self-rated health status was measured by a single item on a Likert scale (poor, fair, good, very good, and excellent; ref. 41) . Having medical conditions requiring the participant to have regular medical visits was documented (yes/no), and if the participant responded "yes," the medical condition was documented.
Participants were asked if they had a regular health care provider (yes/no), and if the response was "yes," the name and location of the health care provider were documented. Participants were also asked when they underwent a regular check-up (within the last year, between 1 and 2 years ago, more than 2 years ago, did not remember).
Smoking behavior
Participants' smoking status was determined using two items (42) . Each participant was asked: "Have you smoked at least 100 cigarettes in your entire life?" (yes/no). If a participant responded "yes," they were asked: Do you now smoke cigarettes every day, some days, or not at all? Participants were categorized as never smokers (never smoked at least 100 cigarettes), former smokers (smoked at least 100 cigarettes, but not currently smoking), and current smokers (smoked at least 100 cigarettes and smokes on some or every day).
Patient-provider cancer screening communication
An item was also included to assess patient-provider communication about all three cancer screening tests. For each test (mammography, Pap test, and colorectal cancer tests: FOBT, flexible sigmoidoscopy, and colonoscopy) the participant was asked whether a doctor ever asked them to complete the test (yes/no).
Statistical analysis
As previously mentioned, a review of the medical record was only conducted if a participant reported being within guidelines (39) .
Review of medical records was missing on 31.1% for Pap tests, 15.9% for mammograms, and 15.1% for colorectal cancer screening tests. In addition, there was missing information on 9.4% for income. Fully conditional multiple imputation was used to impute screening test outcomes and income (43) . Multiple imputation provides unbiased estimates of covariate effects in regression models when the reason for missingness is related to the observed data, whereas an analysis of just the complete cases may result in substantial bias (44) . Among participants who reported a screening test, individuals who had medical record data on all three tests compared with those with missing medical record data were more likely to have private health insurance (P < 0.05). Four participants missing age or insurance status (needed for the imputation model) were omitted from analyses, leaving 637 participants. A total of 30 imputed datasets were created.
A backward selection methodology was used to identify correlates of being within guidelines for all three tests. First, a full model was fit for each of the 30 imputations and the results combined using SAS PROC MIANALYZE. Next, the least significant variable was eliminated, and the process was repeated until only variables significant at the 0.1 level remained. Multiple degree of freedom tests were used to determine whether to retain the multilevel categorical variables of income and employment status. All analyses were conducted using SAS v9.3 (SAS Institute).
Results

Study participants
Demographic characteristics of the 637 female participants are listed in Table 1 . Participants had a mean age of 62.8 years, were predominantly non-Hispanic white (95.0%), were married or living as married (75.8%), had some college education (56.2%), had an annual household income less than $60,000 (75.3%), and were mostly retired/volunteers, unemployed, or disabled (61.5%). Almost half (46.0%) of the women reported having private health insurance and the majority self-rated their health as at least good (83.7%). The majority of women reported never being a smoker (57.8%), had a medical condition requiring regular medical visits (71.0%), had a check-up in the past 2 years (88.9%), and had received a doctor recommendation for all three cancer screening tests (70.6%).
Cancer screening
Percentage of women within cancer screening guidelines for all three cancer screening tests, for each test, and for no tests are shown in Fig. 1 . The average percentage of women within guidelines across 30 imputed datasets was 36.1% for Pap test, 32.1% for mammography, and 30.1% for a colorectal cancer test. Importantly, although almost a third of the women (31.9%) selfreported being within recommended screening guidelines for all three tests, based on MRR with imputation, only 8.6% had completed all three tests within guidelines.
Correlates of cancer screening
Using only the participants with completed MRR, significant predictors of being within guidelines for all three tests included receipt of a provider recommendation for each screening test and having a checkup within the last 2 years (both P values <0.01). However, due to small cell counts, these predictors could not be included in the imputation model. After omitting these predictors from consideration (Table 2) , participants who had higher annual household incomes ($60,000þ vs. <$30,000; OR, 3.53; 95% CI, 1.49-8.33), and those with a medical condition requiring regular doctor visits (OR, 3.16, 95% CI, 1.29-7.74) were more likely to be within guidelines for all three cancer screening tests. Furthermore, individuals who were retired/volunteers were more likely than those who were unemployed/disabled to be within guidelines for all three cancer screening tests (OR, 3.16; 95%CI, 1.07-9.33). 
Discussion
Residents of Appalachian Ohio continue to have increased cancer disparities that may partially be explained by the lower cancer screening rates within recommended guidelines. This is one of the few studies to address multiple cancer screening tests among an underserved population (14) (15) (16) (17) (18) , and the first to report findings from a random sample of rural women for each cancer screening test and all three cancer screening tests verified by MRR.
The predictors of being within recommended guidelines for all three cancer screening tests in this study are similar to many studies focused on correlates of individual cancer screening test completion (27) (28) (29) 45) . Our findings suggest that women within recommended guidelines for all three cancer screening tests were more likely to have had a provider recommendation for each screening test, had a regular check up in the past 2 years, had a medical condition that required regular medical visits, and had higher annual household incomes. In addition, there was a trend for retired individuals/volunteers to be within guidelines for all three cancer screening tests.
Although the findings in this study are consistent with other studies that have found lower cancer screening rates among Appalachian residents (2, 16, 27, 29) , we found that only 8.6% of the women were up to date with all three recommended cancer screening tests, even though 31.9% self-reported being within screening guidelines for all three tests. This finding highlights the importance of medical record verification of cancer screening behaviors reported by study participants and is consistent with previous studies (39, (46) (47) (48) (49) (50) .
Our findings suggest that there is significant work that remains to improve cancer screening rates among this underserved population. Even though the concept of multiple health behavior change may have benefits (e.g., can address common concerns across cancer screening tests, allow for testing theories across behaviors, potential to reduce office visits, etc.), it also has theoretical, evaluative, and other challenges in research and in practice (34, 51, 52) . A few examples of potential challenges to intervening on multiple cancer screening tests include: barriers vary depending on the specific test, the recommended time period for screening intervals vary depending on the test, an individual's cancer risk may vary across different organ sites, individuals may have limited access to resources, and some individuals may become overwhelmed by discussing multiple cancer screening tests with a healthcare provider at the same time. The existence of a one-stop cancer screening program is rare and numerous questions remain about its potential effectiveness, practicality, and cost. Co-variation is a phenomenon that fits with the one-stop shopping model (33) . This has been defined as "taking effective action on one behavior increases the odds of taking effective action on a second behavior" (33) . There are three forms of co-variation that can occur when an effective action is taken on one treated behavior: (i) increases the odds of effective action on a second treated behavior; (ii) is associated with a change in an untreated behavior; or (iii) accompanied by change in a second behavior that receives minimal treatment (33) . For example, in a previous study evaluating a behavioral intervention study designed to increase mammography use, we found that women also increased Pap test completion (53) . An example of co-variation focused on screening barriers is if a patient navigator was successful in assisting an individual with transportation to complete one cancer screening test and then that individual is able to use the same transportation solution to complete a second cancer screening test.
Given that most women (88.9%) in this study reported having a check-up in the last 2 years and that having a medical condition requiring regular doctor visits was predictive of being within guidelines for all three cancer screening tests, a comprehensive cancer screening intervention based in a clinical setting and tailored for an individual woman's screening barriers may be the logical next step to be tested. Such an integrative and innovative approach to cancer screening may be efficient and successful if the developed intervention focused on specific constructs within established behavioral theories (34) . For example, it is well recognized that self-efficacy is a critical construct in several health behavior theories and has been found to be crucial to changing several behaviors (34) .
This study has limitations. First, all participants had to have a working telephone to participate in the study. The response rate was 44%. Although a higher rate was attempted by calling individuals multiple times, participation rates for national telephone surveys have also documented a downward trend in individuals' willingness to respond to survey research (54) . The participants also had to be ages 51 to 75 years and average-risk for colorectal cancer to be enrolled in the intervention study. Although this could not be avoided, we do not believe that it takes away from the findings of the current report. We were not able to determine if some women were not within screening guidelines for cervical cancer screening because of having had a hysterectomy, as this information was not collected. We were not able to determine common barriers for completing tests across organ sites because the main study was focused on colorectal cancer screening, and we did not collect information on barriers for mammography and Pap test completion. We did not have permission to review medical records from all participants or data were missing from the medical records, thus we imputed missing data. Finally, the participants in this report resided in only 12 counties in Ohio Appalachia. Although these findings do not represent women living in all Appalachian counties, many demographic characteristics of the participants reflect the demographics of the entire Appalachian population. In spite of limitations, this study included a population-based sample from an underserved population with documented cancer disparities. In addition, we verified reported cancer screening behaviors by MRR.
In addition to verifying all screening tests by MRR, future studies evaluating the uptake of cancer screening across multiple organ sites should include an objective risk assessment for each cancer, Having had a checkup in the last 2 years and doctor recommendation for all three cancer screening tests were both significant univariately (Fisher P ¼ 0.0088, P < 0.0001). However, these variables could not be included in the imputation model due to small cell counts (multivariable model omits these predictors). In conclusion, among women ages 51 to 75 years living in 12 Appalachia Ohio counties, we found that only 8.6% of the respondents were screened within recommended guidelines for breast, cervical, and colorectal cancer. This finding helps to explain the higher cancer incidence and mortality rates in this geographic region of the United States. Moreover, the results stress the need for interventions to improve the uptake of multiple cancer screening tests among individuals living in Appalachia. Because women with physician recommendation, higher incomes, or who had a medical condition that required regular medical visits were more likely to be within recommended guidelines for all three cancer screening tests, improving access and utilization of health care, and improving physician-patient communication about cancer screening are important strategies to focus on to increase cancer screening rates and reduce cancer disparities among this population.
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